The random-amplified polymorphic DNA (RAPD) assay was used to generate DNA fingerprints for 16 isolates of "Haemophilus somnus," and one isolate each of "Haemophilus agni," "Histophilus ovis," "ActinobaciUlus seminis," Pasteurella haemolytica, and Escherichia coli. The RAPD assay differentiated among "H. somnus" isolates, which shared similarity coefficients of 0.46 to 1.00 on the basis of pairwise comparisons of RAPD markers produced with nine random decamer primers. Three virulent encephalitic "H. somnus" isolates exhibited identical banding patterns, suggesting a common clonal ancestry. The RAPD assay clearly distinguished between the "H. somnus"-"H. agni"-"H. ovis" group and the other bacterial species tested. The results of the present study suggest that DNA fingerprinting of "H. somnus" isolates by the RAPD assay could be valuable in revealing subspecific divisions within this largely unexplored species.
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"Haemophilus somnus" bacteria are gram-negative pleomorphic bovine pathogens which are carried asymptomatically in the healthy bovine urogenital and upper respiratory tracts. "H. somnus" is associated with a variety of bovine diseases: bronchopneumonia; septicaemic diseases, including thrombotic meningoencephalitis, myocardial abscessation, and arthritis; mastitis; and reproductive disorders, including inflammatory female genital disease, abortion, and infertility (11, 13, 18) . "H. somnus" is misplaced within the genus Haemophilus (15) ; although numerical-taxonomy and DNA-DNA and DNA-RNA hybridization studies indicate that "H. somnus" and ovine-derived "Haemophilus agni" and "Histophilus ovis" constitute a single species (5, 22, 25, 26) , a definitive description of the species and designation of a type strain have not yet been attained. This is because a limited number of isolates have been employed for many of the phenetic tests and also because this group of isolates exhibits extensive variability in their morphology, biochemistry, and serology (1, 3, 8, 16, 24, 25) . Consequently, exploration of subspecific relationships among "H. somnus" isolates has not been extensive. At least 15 different serotypes of "H. somnus" have been identified previously (3, 24) , although the number of investigations to date has been limited. Multilocus enzyme electrophoresis has not been undertaken with these organisms. Plasmid typing and restriction endonuclease fingerprinting have been used to differentiate among a small number of isolates of "H. somnus," "H. agni," and "H. ovis" (16, 21) .
Recently, a novel DNA fingerprinting technique based on the polymerase chain reaction (PCR) was reported by Williams et al. (29) and Welsh and McClelland (27) . This technique, known as random-amplified polymorphic DNA (RAPD) assay, is based on the use of single arbitrary primers in a polymerase chain reaction (PCR) of low stringency to amplify segments of the genome. The resulting amplified fragments function as polymorphisms for DNA fingerprinting and construction of genetic maps. In the present study, * Corresponding author. (23) . For each preparation of total cellular DNA, cultures were grown, at 37°C in 5% C02, to late-log phase in broth containing 3.7% brain heart infusion (Difco), 0.1% starch, 0.1% Na-L-aspartate, 0.1% Tris, and 1 jig of thiamine monophosphate per ml (25) .
DNA isolation. DNA was isolated as previously described (20) , with a few modifications. Bacterial cells were pelleted by centrifugation at 11,000 x g for 10 min, washed once in 100 mM Tris-Cl (pH 8.0)-150 mM NaCI-2 mM EDTA (TBSE), and resuspended in 1 ml of TBSE. E. coli cells were treated with 1 mg of lysozyme (Sigma Chemical Co., St. Louis, Mo.) per ml for 10 min on ice. Bacterial cells were lysed by the addition of sodium dodecyl sulfate to a final concentration of 0.5% in the presence of 25 mM EDTA.
RNase (Boehringer Mannheim Canada, Laval, Quebec, Canada) was added to a final concentration of 50 ,.g/ml, and the mixture was incubated for 30 min at 37°C. Proteinase K (Boehringer Mannheim Canada) was added to a final concentration of 50 jig/ml, and the mixture was incubated for a further 30 min at 37°C. A series of phenol-chloroform extractions were performed. A final extraction with chloroform alone aided in the removal of trace phenol, along with Sixteen different decamer primers were tested in the RAPD assay; the procedure generated RAPD fingerprints containing between 0 and 14 amplified DNA segments for each isolate ( Fig. 1 and 2 ). Primer 124 failed to produce amplification products with any of the "H. somnus" isolates. Primers 125 and 135 produced background in control wells which contained no DNA, and the corresponding RAPD fingerprints were not used for comparison of any isolates. Background amplification was not observed in the negative control wells for any other primers used, and the inclusion of 2% formamide in the reaction mixture appeared to aid in minimizing background. Repeated amplifications generated similar RAPD fingerprints even with the use of different DNA preparations from the same isolates and in reaction mixtures in which DNAs from different isolates were mixed ( Fig. 3   and 4) . However, the intensities of the amplified segments, Differentiation of isolates and species. Depending on the primer used, the RAPD fingerprints of "H. somnus" DNAs exhibited a range of banding profiles, with some primers yielding more-informative arrays of amplified fragments than others. Four of the primers (Table 2 ) produced patterns containing multiple faint fragments that were difficult to analyze; these fingerprints were not used in the calculation of similarity coefficients among "H. somnus" and "H. ovis" isolates. As indicated in Table 2 , nine of the primers produced patterns suitable for use in the determination of correlation coefficients. Six of the nine primers produced fingerprints containing a variety of polymorphic sites (Fig. 1) and differentiated between at least 92% or more of "H. somnus" isolate pairs ( Table 2 ). The other three primers resulted in less-informative arrays of bands that were conserved among all isolates (Fig. 2) . 4, respectively) ; VR-1 and VR-2 (lanes 5 and 6, respectively); VG-1, VG-2, and VG-3 (lanes 7 to 9, respectively); and AG-1, AG-2, AG-3, AG-4, AG-5, AG-6, AG-7, and AG-8 (lanes 10 to 17, respectively shared coefficients of 0.41 to 0.68 with "H. somnus" isolates (Table 3 ) and 0.74 with "H. agni" 1344 (results not shown).
All of the primers listed in Table 2 , with the exception of primers 124, 125, 135, and 136, were used to amplify DNA from "Actinobacillus seminis" ATCC 15768, Pasteurella haemolytica serotype 1, and E. coli HB101. For convenience in comparing these fingerprints to "H. somnus" fingerprints on the same gel, DNAs from different "H. somnus" isolates were mixed to reproduce the majority of RAPD markers previously observed with all "H. somnus" isolate-primer combinations. The RAPD fingerprints generated were unique for each species, and none of these species had any RAPD markers in common with "H. somnus" isolates (Fig.  4) .
DISCUSSION
Although "H. somnus" has been recognized during the last few decades as an etiological agent in a complex of bovine diseases, the taxonomy of this organism remains unresolved, and efforts to type isolates to determine subspecific relationships have not been extensive. Recently, the RAPD assay has been utilized as a simple and rapid alternative method of DNA fingerprinting and has been used successfully to differentiate among strains of Streptococcus pyogenes, Staphylococcus spp. (27) , and Lactococcus lactis (2) . The technique also was reported to be useful in subtyping strains of Streptococcus uberis (14) . The results reported in the present paper indicate that the RAPD assay can be used to differentiate among isolates of "H. somnus" and suggest that the technique should be useful for distinguishing the "H. somnus"-"H. agni"-"H. ovis" group from other related bacterial species.
The production of genetic markers through the RAPD assay has several advantages over other DNA fingerprinting techniques. Analysis of patterns is much simpler than analysis of the complex number of bands generated by restriction endonuclease fingerprinting of total cellular DNA. The RAPD assay is faster and less labor intensive than Southern blot hybridizations for restriction fragment length polymorphism analysis and does not require specific nucleotide sequence information. Previous data suggest that RAPD results are comparable and may offer a degree of sensitivity higher than those of other DNA fingerprinting techniques (14, 29 VE-1  100  100  100  59  85  60  78  70  60  57  52  50  49  53  64  46  41   VE-2  100  100  59  85   66   78  70  60  57  52  50  49  53  65  46  42  VE-3  100  61  83  60  80  70  60   58   52  50  49  53  65  46  42  VR-1  100  46  63  71  52  72  60  73  59  75  63  64  63  60  VR-2  100  67  56  58  54  51  52  54  60  53  67  61  43  VG-1  100  62  57  60  53  61  59  68  54  66  57  42  VG-2  100  66  60  69  64  51  68  59  73  59  51  VG-3  100  61  74  58  55  54  61  64  55  51  AG-1  100  61  87  63  66  74  68  56 Genomic typing methods such as restriction endonuclease fingerprinting have been useful in revealing bacterial clonal characteristics that subsequently may be related to virulence among bacterial strains (17) . A common clonal ancestry among the three VE "H. somnus" isolates, all originating from different regions of Southern Ontario, Canada, is suggested by the close similarity of their RAPD fingerprints and is substantiated by the fact that the same isolates have identical restriction endonuclease fingerprints (results not shown). Testing of a larger number of isolates from the "H. somnus"-"H. agni"-"H. ovis" group may reveal whether this putative clonal group is always associated with a specific target tissue or host. The similarity coefficients of "H. somnus" isolate pairs in this study ranged from 0.46 to 1.00, on the basis of the use of nine primers; similar data generated by the RAPD assay could be used to cluster isolates into subspecific groups for epidemiological studies. For such an application, screening a sufficiently large number of primers is important to ensure that the analysis is based on a statistically adequate number of informative primers (i.e., primers that reveal a variety of unique polymorphic sites among isolates). Alternatively, a relatively small number of primers could be used in pairwise combinations to generate a large number of RAPD fingerprints, in which at least 50% of the resulting polymorphisms are unique to each primer pair, as reported by Welsh and McClelland (28) . The use of primer pairs should increase the potential for finding new polymorphisms among all isolates.
While most of the primers generated at least one RAPD marker that was amplified consistently in all "H. somnus," "H. ovis" and "H. agni" isolates tested (e.g., primer 131 [ Fig. 2]) , 12 primers clearly differentiated between isolates of this species and isolates of distantly related species of P. haemolytica and E. coli. Recent sequencing of 16S rRNA has indicated that "A. seminis" and "H. somnus" are closely related species (6); the primers used in the present work also clearly distinguished between isolates belonging to these two species. It is likely that the RAPD assay should prove to be useful for differentiating "H. somnus" from additional species which subsequently are classified as "close" relatives, as taxonomic characterization of members of the family Pasteurellaceae proceeds.
